Antenatal maternal hypoxia (AMH) can lead to intrauterine growth restriction (IUGR), as well as idiopathic pulmonary hypertension of newborn and adult, the latter of which may be a consequence of alterations in the local pulmonary reninangiotensin system (RAS). Little is known of these adaptations, however. Thus, we tested the hypothesis that antenatal maternal hypoxia is associated with alterations in gene and protein expression of the pulmonary renin-angiotensin system, which may play an important role in pulmonary disorders in the offspring. In FVB/NJ mice, we studied messenger RNA (mRNA) and protein expression, as well as promoter DNA methylation and microRNA (miRNA) levels in response to 48 hours hypoxia (10.5% O 2 ) at 15.5 day post coitum (DPC). In response to AMH, the pulmonary mRNA levels of angiotensin-converting enzyme (ACE) 1.2, ACE-2, and angiotensin II type 1b (AT-1b) receptors were increased significantly, as compared to controls (N ¼ 4) . In response to antenatal hypoxia, pulmonary protein levels of renin and ACE-2 also were increased significantly, whereas ACE-1 protein expression was reduced. In fetal lungs, we also observed reduced expression of the miRNAs: mmu-mir À199b, À27b, À200b, and À468 that putatively increase the translation of renin, ACE-1, ACE-2, and AT-1 receptors, respectively. In response to AMH, promoter methylation of ACE was unchanged. We conclude that AMH leads to changes in expression of pulmonary RAS of fetal mice. The possible implications of these changes for the regulation of pulmonary vascular contractility in later life remain to be explored.
Introduction
In response to reduced oxygenation, the fetus redistributes cardiac output to the brain and heart, at the expense of the other tissues, and this relative hypoxia/ischemia can lead to various disorders during postnatal life. Of importance, antenatal maternal hypoxia (AMH) has been shown to cause altered heart growth and neonatal vascular function, 1 permanent neurological deficits, 2 pulmonary arterial dysfunction, 3 atherosclerosis, 4 and intrauterine growth restriction (IUGR). 5 Some of these changes may be a consequence of relative tissue hypoxia/ischemia. In association with maternal antenatal stress, other studies suggest dysregulation of various genes during fetal life. 6, 7 In particular, the renin-angiotensin system (RAS) has received increased attention, and our understanding of this system has changed radically over the past several decades. Originally, RAS was regarded as a systemic cascade, in which the a 2 -globulin angiotensinogen (AGT) is produced constitutively and released into the circulation, chiefly by the liver. A substrate for renin (secreted by kidneys), AGT, is converted into the decapeptide angiotensin (Ang) I and subsequently by angiotensin-converting enzyme (ACE) 1 to the octapeptide Ang II. By the action of ACE-2, Ang II activity is terminated by its conversion to Ang 1-7. Of note, both ACE-1 and ACE-2 are secreted by the lung. 8 Ang II is an important regulator of peripheral vascular resistance, as well as sodium and water metabolism in the body.
As noted, the RAS exists not only as a systemic pathway, but as a whole in various tissues and organ systems that function independently. [9] [10] [11] [12] Nonetheless, ACE is present in a high concentration in the lungs, and its activity is increased further by hypoxia. 13 Ang II also may contribute to the development of pulmonary pathologies via its vasoconstrictor effects or by its action on vascular smooth muscle cell migration and growth with remodeling. 14 Of importance, in rats, ACE inhibition has been shown to reduce hypoxia-induced pulmonary hypertension and pulmonary vascular remodeling. 14 Hypoxia with resulting hypercapnia also can modulate the plasma renin activity during late gestation. 15 However, the extent to which maternal hypoxia can lead to changes in the expression of the RAS components in fetal lungs are not known. Thus, in the current study, we tested the hypothesis that antenatal maternal hypoxia is associated with alterations in gene and protein expression of the pulmonary renin-angiotensin system, which may play an important role in pulmonary disorders in the offspring.
Materials and Methods Experimental Animal and Tissues
All experimental procedures were approved by the Animal Care and Use Committee (IACUC) of Loma Linda University. We conducted studies on FVB/NJ mice; a strain chosen because of the relatively large size of their fetuses. At 16 weeks of age, we bred the mice by keeping the males and females together for 12 hours (overnight). In the morning, we confirmed the mating by examination of vaginal plugs and considered that 0.5 days postcoitum (DPC). Pregnancy was confirmed by increase in the weight at 7 DPC. As previously described, 16 following breeding, at 17.5 DPC the dams were killed by cervical dislocation. The uterus was removed rapidly and placed in a Petri dish containing physiological buffered saline (PBS) solution at 4 C. Fetal lungs were isolated under a dissection microscope, and other tissues were removed. The isolated and cleaned fetal lungs were snap frozen in liquid nitrogen and stored at À80 C for later analysis. For each study, tissues obtained from the fetuses from 1 mother were used for either real-time polymerized chain reaction (PCR) or western immunoblots assay and considered n ¼ 1. We determined the developmental stages of the embryos by visual inspection according to a modified Theiler-staging system. 17 Details of the staging system are available online at http://genex.hgu.mrc.ac.uk/Databases/Anatomy/MAstaging.shtml.
Hypoxic Exposure
As described previously, 16 at 15.5 DPC, the pregnant mice were placed in a custom-sealed Plexiglas cage. A mixture of compressed air and nitrogen was infused, and O 2 concentration was measured using the Oxychecq Expedition, an in-line oxygen meter (Oxychecq, Fort Pierce, Florida). Mice were maintained in an environment of 10.5% O 2 (one-half atmosphere equivalent) for 48 hours. To ensure a consistent hypoxic exposure, the O 2 concentration in the cages was checked at hourly intervals during the day and every 3 hours at night.
Messenger RNA and Protein Quantification
Western immunoblot assays and real-time PCR were conducted, as described and validated previously by our laboratory. 6, 10, 16 We isolated and quantified RNA and protein by Allprep DNA/RNA Mini Kit according to the manufacturer's instructions (Qiagen Inc, Valencia, CA Cat # 80204). Isolated messenger RNA (mRNA) was analyzed using a Beckman Spectrophotometer at 260/280 wavelength UV rays to check for quality and quantity. The 260/280 ratio of 1.8 to 2 was accepted for quantification with real-time PCR. The mRNA was reverse transcribed using First Strand Reverse Transcriptor kit (Roche, Inc, Indianapolis, Indiana). Real-time PCR was performed on Light Cycler 1.5 (Roche Inc) using hydrolysis Taqman probes and primers (Table 1) , designed using the Universal Probe Library, a Web-based software (Roche Inc), and the Fast-Start real time PCR master-mix (Roche Inc). Cycles required (based on initial mRNA of a particular gene) to reach a threshold detection limit by the real-time PCR were recorded and normalized to a housekeeping gene (18 S ribosomal RNA). We have observed that these normalized cycle threshold values (DC T -values) are reliable and repeatable. Moreover, these values are more accurate representative of the initial mRNA amount of a particular gene and are provided in results. We determined the fold changes with DDC T method 18 after performing validation curves.
For western immunoblot experiments, frozen samples were homogenized in the 1x cell lysing buffer (Cell Signaling Technology, Beverly, Massachusetts) containing 1Â phosphatase and protease inhibitors cocktail (Sigma, St. Louis, MO). Nuclei and debris were pelleted by centrifugation at 1000g for 10 minutes. The supernatant was collected and stored at -80 C. Sodium dodecyl sulfate (SDS)-gel and western blot were performed by using appropriate antibodies ( Table 2 ). 19 All secondary antibodies were obtained from Abcam (Cambridge, MA). Twenty mg protein from each sample was loaded on an SDS-gel and electrophoresed at 100 V for 3 hours. Proteins were transferred to a nitrocellulose membrane and subjected to immunoblotting with antibodies ( Table 2 ). Bands were detected with enhanced chemiluminescence using a ChemiImager (Alpha-Innotech, San Leandro, California). The results are expressed as fraction of control. We performed control experiments with glyceraldehyde-3phosphate dehydrogenase (GAPDH), beta-tubulin, alpha-actin, and extracellular signal-regulated kinase-1/2 (ERK1/2); our results demonstrated ERK1/2 protein expression was unaltered with hypoxia in fetal murine lungs. Moreover, ERK1/2 integrated density (arbitrary unit) on densitometry analysis correlated well with different amount of protein loaded and was used as an internal control to account for uniform protein loading.
Epigenetic Studies
For those RAS genes showing significant alterations in expression, we examined the role of transcriptional gene regulation (DNA methylation status of the cytosine guanine [CpG] islands of the promoter region) as well as posttranscriptional gene regulation (microRNA analysis).
Promoter Methylation Analysis
We examined methylation status of the CpG islands of ACE-1 genes, as described previously. 20 Briefly, DNA was isolated, analyzed, and cytosine bases were converted to uracil (except the methyl-cytosine bases) using bisulfite modification kit (Qiagen Inc, Valencia, California). After conversion, genomic DNA was cleaned and amplified by heminested-PCR, by the use of specially designed bisulfite specific primers of the promoter regions. Primers were designed using Methyl Primer Express Software v1.0 (Applied Biosystems, Foster City, California). The isolated promoter DNA was inserted into a vector and cloned using TOPO -TA cloning kit (Invitrogen, Inc, Carlsbad, California). The cloned product was cleaned of plasmid DNA using Miniprep Kits (Qiagen Inc.), and sequenced using the commercial services available from Retrogen Inc (San Diego, California). The sequences obtained were analyzed using Web-based software QUMA. 21 
MicroRNA Studies
MicroRNAs (miRNA) were identified for the 3 0 untranslated region (UTR) of the RAS mRNAs, using the Web-based bioinformatics software-TargetScan 4.2 (http://www.targetscan. org). Of 170 miRNA suggested by the bioinformatics software, we choose 17 miRNA for the current study, by the use of the Context Score of more than 90th percentile, as described by Grimson et al. 22 The identified miRNA levels were measured by the use of Real-Time Taqman microRNA PCR assays, according to manufacturer's instructions (Applied Biosystems).
Statistical Analysis
To determine significant differences between groups, we analyzed the data using unpaired, 2-tailed Student t test and chi-square test, by the use of GraphPad Prism software (GraphPad Software Inc, San Diego, California). The hypothesis was accepted at P < .05. For each study, the fetuses from 1 mother were considered n ¼ 1. For each experiment, n was equal to 4 or more, as noted.
Results
Antenatal hypoxic stress has been shown to cause altered heart growth and neonatal vascular function, 1 permanent neurological deficits, 2 pulmonary arterial dysfunction, 3 atherosclerosis, 4 and IUGR. 5 Studies also demonstrate changes in the reninangiotensin system as a consequence of antenatal hypoxia. [13] [14] [15] In addition, it is also established that ACE inhibition can reduce hypoxia-induced pulmonary hypertension and pulmonary vascular remodeling. 14 To further extend our knowledge, in the current study, we demonstrate that the renin-angiotensin system is expressed as a local pathway in lungs, and several of its components are altered significantly as a consequence of antenatal hypoxic stress.
Antenatal Maternal Hypoxia and Angiotensinogen Expression in the Fetal Lung
Our results indicate existence of local AGT expression in fetal lungs. However, we observed no difference in mRNA expression in the lung of fetuses from hypoxic and control mice dams (Table 3) . Similarly, we observed no change in protein expression by western immunoblot (data not shown), the relative integrated density values (IDV; arbitrary units) being 0.91 + 0.04 (N ¼ 6) and 1.03 + 0.14 (N ¼ 4) for fetuses from control and hypoxic dams, respectively. Furthermore, we examined miR-NAs that can regulate AGT translation. Bioinformatics analysis suggested several miRNAs that can bind at 3 0 UTR of AGT mRNA and decrease its translation. Based on context score (see methods) of >90 percentile, we selected mmu-mir-201, mmumir-678, and mmu-mir-698. We observed no change in any of these miRNA examined in fetal lung from hypoxic dams, as compared to the control (Table 4 ). Thus, the experiments suggest that AGT is expressed in lungs locally; however, the levels are unaltered as a consequence of AMH.
Antenatal Maternal Hypoxia and Renin Expression in the Fetal Lung
Our results also provide evidence for the expression of renin locally in fetal lungs; however, we observed no difference in the renin mRNA expression in the fetus as a consequence of AMH (Table 3 ). In contrast, protein expression of renin was significantly greater (P < .05) in lung from hypoxic dams, as compared to the control (Figure 1) , relative IDVs being 0.49 + 0.02 (N¼4) and 1.31 + 0.14 (N¼6) for fetuses from control and hypoxic dams, respectively (Figure 1 ). Increase in the protein from similar mRNA levels can be a result of reduced miRNA expression. Thus, we examined miRNA complementary to the 3 0 UTR of renin mRNA. We observed *4-fold decrease of miRNA mmu-mir-199b in fetal lung from hypoxic dams, as compared to the control (Table 4) . We observed no change in expression of miRNA mmu-mir-742 and mmu-mir-199a. Thus, these experiments suggest that renin is expressed locally in fetal lungs, and as a consequence of AMH, protein expression is increased despite no change in mRNA levels. Also, miRNA mmu-mir-199b may be involved in posttranscriptional (translational) regulation of renin in response to AMH.
Antenatal Maternal Hypoxia and ACE-1 Expression in the Fetal Lung
Two transcripts of ACE-1 are known to exist, ACE-1.1 and ACE-1.2, and both ACE transcripts are present in fetal lungs. Of interest, ACE-1.2 but not ACE-1.2 expression, was significantly higher (* 4-fold) in fetal lung from hypoxic dams, as compared to the control (Table 3) . However, only 1 antibody exists for ACE-1 and is unable to differentiate between the ACE-1.1 and ACE-1.2 proteins. We observed an overall reduction in ACE-1 protein expression (P < .05) in lung from hypoxic dams, as compared to control ( Figure 2A ) the relative IDVs being 1.22 + 0.17 (N ¼ 4) and 0.25 + 0.06 (N ¼ 9) for fetuses from control and hypoxic dams, respectively. Moreover, with hypoxic stress, we also observed *4-fold decrease in miRNA mmu-mir-27b in fetal lung from hypoxic dams, as compared to control. Such a decrease in miRNA should increase the protein translation; clearly this is not the case with ACE, suggesting involvement of other posttranslational mechanisms. We observed no change in expression of miRNA 27a (Table 4 ). We also performed promoter methylation assay of ACE-1 promoter region. Again, we observed no change in the 23 CpG sites of the ACE-1 promoter in lungs as a consequence of maternal hypoxic stress (data now shown). The percentage of CpG islands unmethylated were 70.92 + 5.14 (N ¼ 5) and 67.63 + 8.27 (N ¼ 5) from fetal lung from control and hypoxic dams, respectively. Thus, the result of these experiments suggests regulation of ACE as a consequence of AMH.
Antenatal Maternal Hypoxia and ACE-2 Expression in the Fetal Lung
As shown in Table 3 , ACE-2 mRNA was significantly greater in fetal lung from hypoxic dams. Similarly, we observed a marked increase in ACE-2 protein expression (P < .05) in lung from hypoxic dams, as compared to control, the relative IDVs being 1.0 + 0.4 (N ¼ 4) and 4.5 + 0.43 (N ¼ 4) for fetuses from control and hypoxic dams, respectively ( Figure 2B ). We also observed a 6.6-fold decrease in miRNA mmu-mir-200b with hypoxic stress (Table 4 ). This indicates that hypoxia upregulates mRNA, miRNA, and protein expression of ACE-2, a protective element of the RAS. We observed no changes in expression of miRNA mmu-mir-200c or mmu-mir-429 (Table 4 ). Thus, these experiments suggest upregulation of ACE-2 production as a consequence of AMH.
Antenatal Maternal Hypoxia and AT-1 Expression in the Fetal Lung
Two angiotensin II type 1 (AT-1) receptors transcripts are known to exist in mice, AT-1a and AT-1b; and our results indicate the presence of both AT-1 transcripts in fetal lungs. Of interest, AT-1b but not AT1a mRNA expression, was significantly higher in fetal lung from hypoxic dams (Table 3) . However, only 1 antibody exists for AT-1 and is unable to differentiate between the isoforms AT-1a and AT-1b ( Figure 3) . We observed no change in the protein expression in lung from control and hypoxic dams; the relative IDVs being 0.99 + 0.15 (N ¼ 4) and 0.73 + 0.08 (N ¼ 6), P ¼ 0.1, respectively.
Furthermore, we observed a *3-fold decrease in miRNA mmu-mir-468 with hypoxic stress, but no change in expression of miRNA mmu-mir-216b or mmu-mir-369-3p (Table 4 ).
Antenatal Maternal Hypoxia and AT-2 Expression in the Fetal Lung
Angiotensin II type 2 also is expressed locally in fetal lungs; however, no difference in mRNA expression was observed in the lung of fetuses from hypoxic or control mice dams (Table 3) . Similarly, protein expression of AT-2 receptors also was unchanged in lung from control and hypoxic dams, the relative IDVs being 1.50 + 0.56 (N ¼ 4) , and 1.99 + 0.33, (N ¼ 4), respectively (Data not shown). We also analyzed several miRNA such as mmu-mir-330, mmu-mir-770-3p, and mmumir-291b-5p. However, no change in any of these miRNA levels was observed as a consequence of AMH (Table 4) . 
Discussion
Growing evidence suggests the presence of a local renin-angiotensin system in lungs, supported by its expression in rats, [23] [24] [25] [26] humans, 27 and mice (current study). Surprisingly, because of its importance, studies aimed to demonstrate alterations of the pulmonary RAS with hypoxic stress have been lacking, these were the scope of the current study. Antenatal maternal hypoxia is linked to several disorders such as altered heart growth and neonatal vascular function, 1 permanent neurological deficits, 2 pulmonary arterial dysfunction, 3 atherosclerosis, 4 and IUGR. 5 In the current study, we examined several aspects of the pulmonary RAS in response to AMH to establish the changes that may be responsible for such disorders or as protective mechanisms during fetal life. For instance, AT-1 receptor activation, which produces vasoconstriction, was downregulated as a consequence of AMH. This may be an important protective effect compensating for hypoxic pulmonary vasoconstriction.
In addition, we observed several important changes in fetal lungs as a consequence of AMH. Of importance, ACE is abundantly secreted by lung vasculature and is elevated in a number of interstitial lung diseases. 28 In the current study, however, we observed reduced ACE-1 expression as a consequence of AMH. In humans and many other species, ACE-1 is known to exist in 2 splice variants ACE-1.1 and ACE-1.2, 29,30 however, the roles of these transcript variants are unknown. In the current study with AMH, we observed increased mRNA levels of ACE-1.2 but not of ACE-1.1. Thus, further studies are required to elucidate the mechanisms of such a shift in splicing as a result of hypoxic stress. Additionally, in lungs from the hypoxic fetuses, ACE-1 protein levels were reduced, despite normal ACE-1.1 and increased ACE-1.2 mRNA levels, as compared to control. Several reasons may account for reduced protein expression, despite increased mRNA levels. One of these could be the translational regulation by miRNA. Another could be reduced mRNA halflife. Additionally, the overexpression of translational repressors or underexpression of translational activators also could account for the observed discrepancy. To study the epigenetic regulation of translational control, we examined several miRNA that are partially complementary to the 3 0 UTR of the several RAS genes. MicroRNAs are single-stranded RNA molecules of about 22 nucleotides in length, which regulate gene expression. Micro-RNAs are encoded (transcribed) but are not translated into protein, ie, they are noncoding RNAs. MicroRNA molecules are partially complementary to one or more mRNA molecules, their main function being to downregulate gene expression without degrading the mRNA. 31 We performed a bioinformatics analysis, which suggested several miRNA that may suppress the protein translation of ACE-1. In the current study, 1 of those miRNAs, mmu-mir-27b, was significantly reduced in the fetal lungs from hypoxic dams. Moreover, our finding of reduced miRNA mmu-mir-27b in fetal lung (complementary to ACE-1) indicates posttranscriptional epigenetic programming to increase protein translation. However, during fetal life, the programmed upregulated protein translation remains suppressed, but in postnatal life, due to some unknown factors, the suppression is released with increased ACE-1 protein expression. Furthermore, other studies have shown alterations in ACE expression with developmental maturation in lungs. [32] [33] [34] To address the issue of increased mRNA transcription, we examined CpG islands of the ACE-1 promoter. At about 20 sites examined, we observed no change in the methylation status of the CpG islands. However, other mechanisms such as histone modification maybe involved in epigenetic regulation of the ACE-1 transcription, and this will require further investigation.
Importantly, RAS activity can be divided into either vasoconstrictive/proliferative/fibrogenesis actions, which are mediated by ACE-1 activation leading to Ang II production and activation of AT1 receptors, or a vasoprotective action triggered by ACE-2 expression (leading to degradation of Ang II) or upregulation of AT-2 receptors. Angiotensin-converting enzyme 2 acts to convert Ang II to Ang 1-7 by the action of ACE-2, which is known to play a protective role in ischemia-induced cardiac dysfunction. 35 Angiotensinconverting enzyme 2 overexpression also has been shown to prevent and reverse right ventricular systolic pressure and associated pathophysiology in monocrotaline-induced pulmonary hypertension. This also occurs by a mechanism involving a shift from the vasoconstrictive, proliferative, and fibrotic axes to the vasoprotective axis of the RAS, with inhibition of proinflammatory cytokines. 36 Consistent with these studies, we observed significant overexpression of both ACE-2 mRNA and protein in fetal lungs, as a consequence of maternal hypoxic stress. Moreover, we also observed reduced expression of miRNA mmumir-200b, which may be responsible for increased translation of ACE-2 protein from mRNA. Overall, these findings suggest that during fetal life, AMH leads to upregulation of ACE-2 at both transcriptional and translational levels. Of note, ACE-2 leads to conversion of Ang II to Ang 1-7 and terminates the activity of Ang II. The current study indicates that during fetal life ACE-2 overexpression may shift the balance from the RAS vasoconstrictive, proliferative axis (ACE-Ang II-AT-1) to the vasoprotective axis (ACE-2-Ang 1-7). As noted above, in postnatal life, due to some unknown factors, this protection may disappear and the programmed disease becomes manifest. This important question requires further investigation.
Following ACE-1-mediated conversion of Ang I to Ang II, Ang II produces its effects by interacting with AT-1 (subdivided into AT-1a and AT-1b) and AT-2 receptors. Of note, previous reports suggest a regulatory role for the AT-2 receptors, 37 whereas most of the effects of the RAS are mediated by AT-1 receptors. 38 However, 2 subtypes of AT-1 receptors (AT-1a and AT-1b) exist in mouse, 39 rat, 40 and humans. 41 A study of AT-1a and AT-1b-deficient mice suggests that brain AT-1a are involved primarily in blood pressure regulation, whereas AT-1b are involved in the dipsogenic response. 42 In the current study, we observed increased mRNA expression of AT-1b with no change in protein expression. We also observed reduced expression of RNA mmu-mir-468, which can regulate AT-1b mRNA translation. At present, however, the role of AT-1b is unknown in the lungs, and it is difficult to interpret a direct rationale for such a programming during fetal life. We speculate that the AT-1b receptor plays an important role in AMHmediated fetal programming of postnatal disease.
Another important finding of the current study was that of increased renin protein expression with AMH, as compared to control. This finding of increased renin is consistent with a study in which hypoxia and resulting hypercapnia increased the plasma-renin activity during late gestation. 15 This increased renin can lead to increased conversion of AGT to Ang I. Furthermore, Ang I can be converted to Ang II by the action of ACE-1, and Ang II is a potent mitogen and a vasoconstrictor. Figure 4 summarizes the significant findings of the current study. The figure shows that maternal hypoxic stress during late gestation leads to alterations in genetic (mRNA and protein) and epigenetic (miRNA) expression of several genes of the pulmonary RAS. As the current study demonstrates alterations in several miRNA, it is of importance to appreciate that posttranscriptional mechanisms such as miRNA-mediated regulation finally determine the expression of proteins from mRNA. Discrepancies in mRNA and protein levels, as a result of programming at the transcriptional and posttranscriptional level, may be responsible for the manifestation of disorders at a later age, even though these genes become programmed in fetal life. The current study raises a number of important questions. These include: What is the role of increased renin protein during fetal life? What is the role of the ACE-1.2 transcript? What is the role of AT-1b receptors in lungs? In the current study, ACE-1 promoter DNA methylation was not changed, this necessitates investigation of histone modifications in future studies. What are the posttranscriptional regulatory mechanisms other than miRNA? Also of importance, in future studies in the offspring of dams that experienced antenatal hypoxia, we must determine the extent to which genetic and epigenetic changes in the RAS system occur and their possible relationship to persistent pulmonary hypertension.
Perspective and Speculations
Despite intensive research, morbidity and mortality due to idiopathic pulmonary hypertension in newborns and adults remain high. In contrast to systemic hypertension, we lack substantial therapeutic targets for these disorders. The current study provides important miRNA targets for possible future therapeutic interventions. The observation that maternal hypoxia may result in differential programming of gene and protein expression in the offspring provides increased mechanistic understanding of pulmonary pathology, which requires further investigation.
